Abstract. Morbidity due to schistosomiasis was evaluated in a subpopulation of 14,000 of the randomized sample in the Epidemiology 1, 2, 3 Project. It was measured by using a standardized questionnaire for obtaining medical history and symptoms and by performing standardized physical and ultrasound examinations. Reported herein are descriptions of the methods and training and quality control efforts made to insure that the morbidity data was reliable and consistent when collected by 7 different teams in 9 different governorates.
The third objective of the Egyptian Ministry of Health/ United States Agency for International Development (USAID)-sponsored Schistosomiasis Research Project Epidemiology 1, 2, 3 (EPI 1, 2, 3) Project was to assess morbidity due to schistosomiasis in a sample of rural population from 9 different Egyptian governorates. 1 The procedures used in this population-based estimation of morbidity were to take clinical histories and to perform physical and ultrasonographic examinations on all inhabitants Ͼ 5 years of age of every fifth household included in the survey. Approximately 14,000 subjects were in this subsample having clinical and ultrasound examinations, making this the world's largest investigation of community morbidity.
Examining such a large number of subjects in their communities posed numerous logistic problems. The purpose of this paper is to describe the methods used for these examinations, the training of ultrasonographers, and attempts at quality control.
METHODS AND RESULTS
During planning meetings the 7 Egyptian EPI 1, 2, 3 Project principal investigators and 3 American coinvestigators discussed the methods to be used in assessing morbidity in the communities. A standardized approach was selected.
Clinical examination. The Clinical Examination Form included demographic and symptom questions, height and weight, visual observations (e.g., the presence or absence of pallor or jaundice) and examination of the abdomen. Symptom questions were asked separately for present time, past year, and prior to one year and included the following: burning micturition, hematuria, bloody stools, tenesmus, jaundice, edema of the lower limbs, fever, hematemesis, passage of renal stones, abdominal pain, other symptoms, management of hematemesis and renal stones, site of abdominal pain (if currently present), previous operations, and physician visits and reason for the visit during the previous year. The abdominal examination consisted of measuring the hepatic span in the midclavicular line (MCL) by percussion and the distance the lower border of the liver descended below the subcostal border and below the xiphisternum by palpation, clinical impression of the liver size and consistency, and whether the surface was smooth or irregular or tenderness was present on palpatation. The spleen was searched for and, if palpated, the distance in centimeters below the left costal margin in the anterior axillary line was measured by palpation and/or percussion and recorded. The abdomen was also examined for ascites, palpable kidneys, or other masses, tenderness, and costovertebral or suprapubic tenderness.
Ultrasonographic examination. Eleven portable ultrasound machines (EUB-200; Hitachi, Tokyo, Japan) with linear 3.5 MHz probes (EZU-PL21; Hitachi) with video printers were purchased for the project and standardized and adapted for surveying subjects in communities. They all provided excellent resolution and high-quality visualization.
The methodology for ultrasound examinations was based upon recommendations proposed at a World Health Organization-sponsored workshop in Cairo. 2 Only the abdomen was examined. Measurements obtained following a strict protocol, rather than by using a diagnostic approach, were recorded on an Ultrasonography Examination Form.
The standardized form was used to guide the examiner and to record results of the examination ( Table 1) . Details of the examination have been published. 2 Specific measurements were selected as being 1) characteristic of schistosomiasis, e.g., bladder wall thickening; 2) indicative of severity of infection, e.g., grade of periportal fibrosis (PPF); 3) recognizable and relatively easily measurable; and 4) quantitative or precisely qualitative.
The examination methods and the form had extensive pretesting to determine whether it provided sufficient information to assess morbidity due to schistosomiasis. The ultrasound examination could be performed by an experienced ultrasonographer in 10 min if he or she had assistance in preparing the subjects and recording the data. Less experienced ultrasonographers needed 15-20 min to complete the examination.
Standardization of reporting. The same standardized forms were used by each of the 7 groups and the ultrasonographers were required to complete these forms, including measuring and recording height and weight of each subject. Height was used to adjust for variability in body size when testing for the presence of hepatic enlargement. Patients were generally examined 3-6 hr after their morning meal, not while fasting. All 7 groups performing the evaluations were taught that examination of the urinary bladder required full bladders and that all subjects should drink fluids and not void before the examination. Grading of PPF was performed following guidelines proposed by Abdel-Wahab and others at the time the data was analyzed using the average of three measurements of portal tract thickness. 3 Ultrasound standardization was accomplished by requiring all ultrasonographers working on the project to take a training course given by the University of Cairo's Tropical Medicine Department at the Kasr El Aini Hospital.
Training. Individual principal investigators trained members of their teams performing physical examinations. A 4-6 week ultrasound training course was organized by the Ultrasonography Unit of the Tropical Medicine Department at Kasr El Aini Hospital. The objectives of this course were 1) to train members of the 7 teams to perform the required examinations; 2) to teach them to collect and record information needed to measure morbidity of schistosomiasis; and 3) to provide experience required for performing ultrasound examinations of the abdomen. Most trainees in 5 of the 7 EPI 1, 2, 3 groups did not have prior ultrasound experience. The course was a mixture of didactic and practical sessions ( Table 2 ). The students also had opportunities to examine patients in both the hospital and in the communities. They were taught in pairs: one performing the ultrasound examination and the other recording the results to fortify the importance of careful and complete recording of data. Reproducibility of the ultrasound examinations was tested by having the same ultrasonography examine the same patient on subsequent days (internal validity) and by having two ultrasonographers examine the same subject on the same day (external validity).
To learn how to perform ultrasound examinations in rural communities and to obtain sufficient subjects with normal or minimally abnormal ultrasound findings, the trainees joined teams working at rural sites. The final examination consisted of a written and practical ultrasound examination of 10 patients with recording of the results. If the student passed the examination, they received certification and were allowed to examine subjects in the Project. If they did not pass, they were given individual instruction on those aspects in which they showed weakness. Five training courses, each training 5-8 ultrasonographers, were given during the first 2 years of the project; a total of 28 physicians were certified as ultrasonographers by this course. The later courses were used to train additional ultrasonographers to replace those who dropped out of the Project and to retrain those who were not performing up to expectations.
Quality control. This was performed during actual examinations in communities. One of the authors (GTS), accompanied by an experienced ultrasonographer, joined teams while they examined subjects in the communities and observed the examination of 8-10 subjects by both the field team's ultrasonographer and the experienced examiner. Both physical and ultrasonographic examinations were performed and recorded by both examiners. An assumption was made that if there was a discrepancy between results, the experienced ultrasonographer's findings were correct, with a proviso that his (or her) results were not considered incorrect by the observer. This also provided continuing education since discussions of methods and results were held following the examination.
On comparing results from the 2 examiners, the following general points were noted: 1) methods and results of the physical examination were highly variable, in particular measurements of liver span, and 2) there was considerable variability in some ultrasonographic findings. Continuous measurements were considered the same if they did not vary by more than 20%, e.g., liver spans in the MCL of 10 cm and 12 cm were not considered different. Results reported as dichotomous measurements required agreement to be considered the same. Some difficulties occurred because the initial requirements were either too demanding or time-consuming, e.g., measurement of the diameter of normal sized splenic veins. Other problems were caused by variations in measurements by different ultrasonographers, e.g., portal tract thickening, liver span in the MCL and midsternal line, and posterior bladder wall thickness. Two major problems were discovered, but unfortunately, not corrected. Height, which was used to correct for body size in estimating liver size, was not recorded in a propotion of subjects and not all teams insisted that subjects being examined have full urinary bladders. Despite this technical variability and lack of prior ultrasound experience by some ultrasonographers, useful and reliable information was obtained because of the highly standardized examination and examiners were trained to measure and record very specific structures and not to concern themselves with diagnoses.
Our method of quality control, although being direct and practical, was very time-consuming and was only used 2 or 3 times for each EPI 1, 2, 3 team. No ultrasonographers were evaluated more than twice and some were not tested.
DISCUSSION
The most important objective of the EPI 1, 2, 3 Project probably was assessment of community morbidity due to schistosomiasis. Studies of community morbidity of schistosomiasis have been based upon the qualitative excretion of Schistosoma ova in the stool or urine and screening physical examinations. [4] [5] [6] [7] Quantitative parasitology is only a surrogate for morbidity, in that it has some correlation with the subject's worm burden, which in turn correlates with the pathologic findings. 8, 9 The physical examinations performed in communities by different examiners are notoriously unreliable, even when performed as part of research projects, e.g., the EPI 1, 2, 3 Project. Abdominal ultrasonography, which uses a pulse echo device to record reflected waves of a sound beam in 2 dimensions, is relatively inexpensive and portable, can produce images in real time in any plane without revision of format, and does not depend on ionizing radiation or cause biological hazards, is ideal for screening populations for schistosomal morbidity. 10, 11 It can be used to screen subjects in communities, 10 as well as patients in the hospital. 11 There is sufficient guidelines to detect and grade the more severe lesions caused by schistosomiasis in hospital patients. 3, [12] [13] [14] We have also published results of studies showing that abdominal ultrasonography can be used for assessing less severe lesions in subjects living in endemic communities, [15] [16] [17] although the specificity of grade I lesions for schistosomal periportal fibrosis is poor. 18 Therefore, it was appropriate to include abdominal ultrasonographic assessment of morbidity as a component of the EPI 1, 2, 3 Project and we believe the 14,000 subjects in the subgroup having morbidity investigations is the largest population having community investigations of this kind. Because of the size of the project, problems in standardization and quality control occurred despite our efforts to address these issues. The following observations on reliability of the data were made: 1) almost all of the data we scrutinized are credible; 2) because of differences between the performance of physical examinations between groups, comparisons of results of these examinations should not be made between groups; 3) because not all subjects were examined with full urinary bladders, particularly by one group, the prevalence of urinary bladder wall lesions is lower than they actually were; and 4) because many ultrasonographers measured periportal tracts, even when they were not thickened, the prevalence of grade I PPF is falsely high, particularly in some EPI 1, 2, 3 groups. A deficiency caused by inexperience of some of the ultrasonographers and the standardized examination method they used, which had no impact directly upon schistosomal morbidity measurement, was the inability to detect nonschistosomal-caused abdominal lesions, e.g., gall stones.
Despite these limitations, we believe that the EPI 1, 2, 3 Project provides a very valuable estimate of morbidity due to schistosomiasis in Egypt, and its finding that morbidity is less than previously suspected and often cannot be directly associated with schistosomal infection is valid. 19 Financial support: This research was supported by the Egyptian Ministry of Health/USAID-funded Schistosomiasis Research Project, 263-0140.2, grants no. 02-03-13 and 10-04-83.
